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INTRODUCTION 
Plant breeders have long been faced with the problem of obtaining 
a reliable and practical method for determining relative lodging 
resistance of different cereal strains. Small grain varieties with 
outstanding lodging resistance have been produced only rarely even 
though considerable time and effort have been devoted toward the improve­
ment of this character. The confounding effect of environment on the 
degree of lodging is a complicating factor. Natural lodging, which is 
most often the basis for comparing small grain strains for lodging 
resistance is not constant from year to year nor for different areas 
during the same year. Wind, rain, insects and diseases may not strike 
all plots with equal intensity. Various methods of evaluating lodging 
resistance have been proposed, but all have met with certain disadvan­
tages. 
Lodging in small grains is commonly defined as that condition in 
which the culms bend over at or near the base of the plant. Sharp 
bends or near breaks in one or more places at any point above the 
ground surface are defined by Fellows (22) as buckling, which he 
reported may be caused from sub-freezing temperatures, hot winds and 
drought, or attacks by insects and diseases. Patterson et al. (63) 
recently described a less common type of lodging by sharp bending in 
the thickened nodal regions of the culm. Root lodging has reference 
to instances where the root alone is at fault and the entire culm leans 
at an angle of more than U5 degrees with the straw remaining rigid and 
straight. Crinkling, or stem-break, refers to lodging that occurs after 
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the plants are ripe. Grafius and Brown (27) defined lodging as the 
extent of response to torque caused by external forcesj and lodging 
resistance, as the ratio of the additional torque (over and above the 
torque caused by the weight of culm, leaves and head) a culm is capable 
of resisting to the torque applied by external forces such as wind and 
rain. 
The costly effects of lodging from reduction in yield and quality 
of grain, harvesting difficulties, or damage to forages seeded with the 
grain have been recognized for a long time. Recent results of several 
investigations (17,5l»59,6Ii,72) have shown that yield losses from 
lodging often vary between 35 and $0 percent. It has been estimated 
that loss of grain in the U. S. S. R. through lodging in some years 
amounts to 25 to 30 percent of the total yield (61). Eldridge (21) 
reported yield reductions of hi percent in oats, 50 percent in barley, 
and Î4I4. percent in winter wheat by breaking over the straw as the heads 
were emerging. Fritchett (68) suggested that increased strength of 
straw in oat varieties would permit wider use of nitrogen and increased 
yields. 
Due to its extremely complex nature, it would be desirable to 
select for lodging resistance on the basis of some easily identified 
and closely correlated character. Lodging resistance could thus be 
determined for a group of lines in relation to a known standard variety 
in one year and without natural lodging. In contrast, at present 
several years of evaluation are required before the true lodging 
resistance of a strain can be determined. A knowledge of such associ­
ations would also be useful to the breeder in interpreting results he 
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has already obtained and in designing a breeding procedure that would 
maximize genetic progress from selection» Progress from selection will, 
however, depend upon the extent to which the observed differences 
between the individual strains are genetic. The heritability of lodging 
resistance is important in showing whether selection can be efficient 
in improving straw strength. 
The primary objectives of this study were: 
1. To determine the association between various cross-sectional 
measurements of the culm and lodging resistance in oat plants, 
and whether any of these relationships were stable enough to 
be of value in selection. 
2. To find the association between lodging resistance and the 
characters yield and height. 
3. To obtain estimates of the heritability of lodging resistance. 
U. To study development of lodging resistance from anthesis to 
maturity. 
5. To determine where on the culm to measure the diameter, wall 
thickness and area of cross-section tissue in order to obtain 
the best association of the characters with lodging resistance. 
6. To evaluate the cLj, method of determining lodging resistance. 
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REVIEW OF LITERATURE 
A detailed review of the literature pertaining to the problem of 
lodging is not within the scope of this study. An attempt is made, 
however, to summarize briefly results of some of the more pertinent 
papers relating to the problem. The majority of papers have dealt 
with the causes of lodging and the association of morphological and 
anatomical characters with lodging. Several papers discuss methods 
for mechanically measuring resistance to lodging, two report studies on 
straw strength development, and a few pertain to inheritance of lodging 
resistance. 
Effects of Chemical, Physical and Environmental Factors 
on Lodging Resistance 
Lack of silica in the culms of hollow plants was suggested as the 
cause of lodging as early as 1798 (16) and was supported by later 
investigations (13,111,37,66). But as a result of other studies (31,62, 
67) and the fact that plants can make normal growth in nutrient solutions 
free of silicic acid, the association between silica content of the straw 
and lodging has become questionable. Controversial results were also 
obtained concerning the effect of percentage of lignin in the culms on 
lodging (1U,31*66,82). Increased cellulose (66), high percentage of 
ash (lb,37,66), and a low carbohydrate-nitrogen relationship (82,83) 
have been found associated with low lodging. 
Literature is extensive relating to the effects of environmental 
factors on lodging resistance. Excess nitrogen nutrition has been 
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consistently associated with high lodging (10,12,30,33,3k,kO,50,5k, 
59,71,77,82), as have dense stands (10,12,19,30,32,33,k8,50,53,5k,58, 
62,65,71,72,75,83), high temperatures (22,59,82,83), and lack of 
sunlight (33,1:7,58,59,62,65,68,82,83), phosphorus (30,33,k8,58,59), 
and potassium (30,33,50,58,59,77)• Diseases and insects have been 
associated with lodging (10,22,28,30,k8) as has delayed harvest or 
late varietal maturity (10,25,26,28,76). Cultural practices such as 
late planting (10,32,33,^ 8), planting too deep (10,32), poor drainage 
(30,33) and small seed (83) were found related to high natural lodging. 
Plant Characters Associated with Lodging Resistance 
Of the wide variety of plant characters studied, a large diameter 
of culm has been found to be most consistently associated with 
resistance to lodging (1,2,8,9,11,30,32,53,59,69,82,83)• Wettstein 
(8k,85) reported that high total cross-section area of the culm and 
large cell size were also associated with lodging resistance. Good 
agreement was found among researchers linking root type (9,18,32,36, 
kl,k3,kk,k8,87), yield of straw (k,8,15,25,53), percent dry matter in 
the straw (31,37,82,83), length of panicle (2,15), and fiber length 
(39) with resistance to lodging. Paleev (6l) reported that lodging 
resulting from fractures in the upper part of the grain stem at "milk' 
stage" can be caused by disintegration, of the cell walls in the stem# 
Some disagreement among the various authors was noted regarding the 
association of lodging with thickness of cell walls (8,9,2k,59,65,69, 
83), culm walls (8,9,31,59,69), zone of hypodermal tissue (9,59,83,8k), 
and. amount of sclerenchyma tissue in the culm (8,9,24,31,32,39,69,77)• 
Much disagreement was found, however, among reports of investigations 
into the relationship "between lodging and plant height (2,8,9,11,13, 
15,2k,26,31,32,36,k2,53,69,76,8k), length of internodes (2,k,8,9,31, 
69,8k,85,87), breaking strength of straw (1,2,k,11,38,52,53,70,73), 
weight per unit length of culm (2,k,2k,31,39,59,78), number of vascular 
bundles in the culm (8,9,2k,31,32,57,69) and width or cross-section 
area of the vascular bundles (1,2k,31,32,69,8k)• Investigators also 
disagreed considerably regarding the importance to lodging resistance 
of the diameter of hollow in the center of the culm (31,8k), tillering 
(8,9,11,29,32,83), yield of grain (2,k,12,15,20,2k,25,26,29,52,53,76), 
erectness of the leaves (9,32,k2), length of the leaf sheaths (31,69), 
and number of nodes per plant (31,85) • Harrington and Waywell (36) 
found no relationship between lodging resistance and dry weight of top 
growth, dry weight of root growth, circumference of the crown, average 
culm diameter, ratio of crown circumference to number of culms, and 
ratio of weight of top growth to weight of root growth in cereals. 
Number of lignified cells in the bundle sheath or inside the bundles, 
ratio of width of sclerenchyma tissue to width of culm wall and number 
of layers of sclerenchyma tissue were regarded by Hamilton (31) as poor 
indices of lodging resistance. 
The importance of strong basal internodes and root anchorage was 
stressed by several workers (8,2k,30,31,33,kl,k9,6l,69,8k) as being 
important factors in resistance to lodging. In corn, Hall (29) found 
little or no association between the amount of lodging and size of 
brace roots, length of mesocotyle, or stalk cross-section» Insignificant 
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correlations were obtained by Kaufmann (I4J4.) between lodging resistance 
and barley seedling root length or basal shoot diameter. He did, 
however, find a positive relationship between number of coronal roots 
and resistance to lodging. 
Mechanical Measurements of Lodging Resistance 
It has been difficult to obtain reliable mechanical methods for 
determining relative straw strength among small grain strains. The 
breaking strength of straw reported by Albrecht (l) and Leigh.ty (53) 
was one of the earliest mechanical methods used to measure lodging 
resistance. Various kinds of apparatus for testing breaking strength 
of straw were later reported by Helmick (38), Willis (86), Salmon (70), 
and Leasure et al. (52). The force required to crush one centimeter 
lengths of straw radially, a method similar to breaking strength, was 
employed by Tubbs (77). Atkins (2,ii) used weight per unit length of 
culm as a measure of lodging resistance, as it was closely correlated 
with breaking strength and easier to determine. He devised a chopping 
machine for cutting lengths of straw from near the base of culms (3). 
Much controversy exists, however, about the extent of association 
between lodging resistance and breaking strength or weight per unit 
length of culm. Other methods were used by Harrington and Waywell (36), 
such as a portable wind machine for exposing field plots to strong 
controlled wind, pressing a board over the row and observing recoveiy, 
and determining root pulling resistance. The data they obtained from 
the use of these methods showed little or no correlation with the known 
lodging resistance of the varieties. A few investigators have shown 
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(29,U8,87) that, in corn, the force necessary to pull the plant from 
the soil is correlated with lodging resistance. 
The importance of elasticity of the culm to lodging resistance 
has been stressed (11,69,810. Wettstein (81;) described a "straw 
dynomometer" which he used to measure elasticity of culms cut from 
barley plants. Harlan and Martini (35) pointed out that oftentimes 
varieties with slender, tough culms do not lodge as much as varieties 
which possess large, erect, stiff culms. Ramiah and Dharmalingam (69), 
and Zade (88), as cited by Brady concluded that resistance to bending 
of the stem is the best measure of standing ability. For many years 
oat breeders have been using what is often referred to as the tension 
or "snap" test to measure resistance to lodging. In fact, this was 
the method H. C. Murphyl employed in selecting the Clinton oat variety 
in 1938 from a cross of D69 x Bond. Although Clinton has now been 
largely replaced by new disease resistant- varieties in the mid-west, 
its lodging resistance is still unsurpassed. 
Studtmann (?U) devised an apparatus for measuring resistance of 
the whole plant to bending while it is still growing. More recently, 
Grafius and Brown (27) obtained a measurement of lodging resistance 
called the lodging resistance factor, or cl^ . The cl%, value equals 
F/b, where F is the weight in grams of a chain supported at the base 
of the panicle, and b equals height of the culm, to base of panicle. 
The constant c is a factor which converts the height into force. They 
A^ private communication with Dr. H. C. Murphy, Head Oat Section, 
Crops Research Division, Agricultural Research Service, U. S. D. Ae, 
January, 1958. Beltsville, Md. 
obtained good repeatability using this method (r = +0.73) and also a 
highly significant correlation with lodging. Murphy et al. (60) reported 
highly significant correlations between cl^ , values and percent lodging 
(r = -0.£0), "snap" test readings and percent lodging (r = +0.79) and 
between cl%, values and "snap" test readings (r = -0.81}.). Grafius et al. 
(28) reported that lodging resistant varieties of oats as determined 
by the cl^ , method, also tended to resist stem break after ripening. 
Development and Inheritance of Straw Strength 
Bartel (f>) studied the changes in breaking strength of the straw 
of three wheat varieties from heading to maturity and concluded that 
major differences in breaking strength of varieties, of comparable 
maturities, could be determined at any time during this period. In a 
strong-strawed variety, Marquis, he found that maximum breaking 
strength was reached twenty days after heading and then decreased until 
maturity. In Sonora and Baart, weak and intermediate in straw strength, 
respectively, maximum breaking strength was not reached until maturity, 
except where Baart was sown late, in which case it followed a pattern 
similar to Marquis, reaching maximum strength at fourteen days after 
heading then declining until maturity. Heyland (I4.O) found that 
deposition of cellulose in the tissue of the outer ring of vascular 
bundles of the basal internede begins when the head first appears and 
proceeds more rapidly in wheat than in rye. The rate of lignification 
was more rapid in varieties resistant to lodging. 
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Smith (73) obtained correlations of +0.10 between Fg plants and 
their F^  progeny means for breaking strength of straw and +0.09 for 
culm diameter. Atkins (2) found correlations between Fg wheat plants 
and the means of their F^  progenies of +0.61, +0.58, +0.69, and +0.83 
for weight per unit length, diameter of culm, plant height, and length 
of head, respectively, indicating that selection for these characters 
could be profitable in early generations. With barley, Bose et al. 
(6) showed that the development and distribution of mechanical tissue 
responsible for lodging resistance is controlled by at least two genetic 
factors, whereas, Razniah and Dharmalingam (69) concluded that only one 
factor differentiated between erect and lodged straw in rice. The non-
lodging types had thick, persistant leaf sheaths tightly encasing the 
lower internodes. 
Several workers (7,Ll,L6,?6,79) have shown from visual observations 
and evaluations of hybrid progenies that lodging resistance in wheat is 
an inherited character. Kilduff (1|6) and Torrie (76) concluded that 
many factor pairs apparently govern inheritance of lodging resistance. 
Torrie (76), using a lodging index composed of percentage of plants 
lodged and angle of lodging, found F^  lines ranged from the weak-
strawed parent to the strong-strawed parent. Howard and Howard (Ijl) 
obtained a similar segregation for root type, which they considered 
important in prevention of lodging. Transgressive segregation in the 
direction of weaker straw was noted by Waldron (79) and Kilduff (U6). 
Bcyce (7) concluded, after studying the number of broken straws at 
maturity, that a single gene or closely linked gene complex determines 
the difference in straw strength between the parents. Weiss et al. (81) 
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found that lodging scores of Fg plants were poor indicators of progeny 
performance in soybeans. 
V V 
Wettstein (85), Iljinskaja and Rozdestvenskii (U3), and Kaufmam 
(1+li-) suggest that progress can be made in obtaining non-lodging strains 
or incorporating lodging resistance into otherwise satisfactory varieties 
with the aid of anatomical-morphological analysis. Kaufmann (I4I4.) was 
able to maintain lodging resistance through three backcrosses to Kindred 
barley and postulated that malting quality and lodging resistance could 
be combined unless some undesirable genetic linkages or physiological 
associations were present. 
It is clear from the literature pertaining to lodging resistance 
in oats that knowledge and data are lacking in many respects regarding 
this important character. Not only in respect to the factors which are 
responsible or associated with lodging, but also the methods of 
evaluation seem inadequate. The reader will also find comprehensive 
reviews of literature on lodging resistance in small grains in papers 
by Brady (8), Clark and Wilson (11), Hamilton (31,32), Mulder (59), and 
Wei ton and Morris (83). 
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MATERIALS AND METHODS 
The experiments reported in this study were conducted on the 
Agronomy Farm at Ames, Iowa in 1956 and on the Beech Avenue irrigation 
plots in 1957. Weather data from the Agronomy Farm for the 1956 and 
1957 growing seasons are given in Table 1. Brief descriptions of the 
oat varieties used in the study are given in Table 2, 
Table 1. Mean weather data from Ames, Iowa for the months April through 
July, 1956 and 1957a 
Temperature Precipitation 
Year Month 
Average 
Departure 
from normal^  Total 
Departure 
from normal^  
Total wind 
movement 
OF. °F. in. in. mi. 
1956 April hi -2 1.6 -1.0 3185 
May- 62 2 li.O -0.2 2882 
June 75 5 1.6 —2.8 2196 
July Ih -1 1.6 
00 1
 1991* 
1957 April 50 1 2.9 0,3 2912 
May- 59 -2 6.2 2.2 275U 
June 69 -2 6.5 1.0 2137 
July- 78 2 3.5 0.3 1317 
aFrom U. S. Weather Bureau records. 
B^ased on temperature record of 76 years and precipitation record 
of 81 years. 
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Table. Description of oat varieties used in this study 
Lodging Place of 
Variety resistanceaHeight^  Maturity0 Parentage release 
Ajax ¥ T L Victory x Hajira Canada 
Bonham M S E D69 x Bond Michigan 
Cherokee M S E D69 X Bond Iowa-Kansas 
Clintland S M M Clinton^ - x Landhafer Indiana 
Clinton S M M D69 X Bond Iowa 
Huron ¥ T L Markton x Victory Michigan 
Marion V M M Mark ton x Rainbow Iowa 
3#=weak, M=medium, S=stronge 
T^=tall, M=medium, S=short. 
cL=late, M=midseason, E=early. 
Lodging resistance was evaluated by the cLr method as described by 
Grafius and Brown (27). The cLr values were obtained as follows: a 
chain, wnich weighed 0.68 grams per link with 3.5 links per inch, was 
hung at the base of the panicle by a fine wire hook. This caused the 
oat culm to bend. The cL^  values were then calculated by dividing the 
number of links supported by the culm by its height. Height was 
measured in inches to the base of the panicle. 
Foliar disease infections were prevented by spraying all plots with 
the fungicide, Dithane, at weekly intervals starting June 2 in 1956 and 
June 15 in 1957. 
ia 
1956 Studies 
The first experiment in 1956 was designed, to study the association 
of certain plant characters with lodging resistance and the development 
of lodging resistance from heading to maturity. The experiment also 
gave an evaluation of the cLj. procedure as a method for measuring lodging 
resistance. Bonham, Clinton and Marion, varieties of known lodging 
resistance, were grown in this experiment. The experiment was planted 
on two dates, March 31 and April 12. The experimental design was a 
split plot with three replications and varieties and sampling periods 
were the main and sub-plots, respectively. Each sub-plot consisted of 
three rows, three and one-half feet long and with the rows one foot 
apart giving a total of Ifj?i plots. Border effects were eliminated by 
sampling only from a two-foot midsection of the center row of a plot. 
Border rows were sown with a Planet Junior, while the center row was 
hand planted with seeds spaced one inch apart in the row. 
To insure that culms sampled were at the same stage of development 
within and between varieties, one culm on each of ten plants in a plot 
was tagged when the head was completely emerged. Values of cLj, were 
taken for six of these culms at three-day intervals from anthesis to 
maturity. All readings were recorded in the A.M. and a different plot 
was used at each sampling date. Because of an abnormal hastening of 
maturity due to hot dry weather, the interval between samplings was 
shortened to two days following the sixth sampling period for the early 
planting date and after the third period for the late planting date. 
Of the six culms evaluated for lodging resistance, four were cut 
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immediately at ground level and stored for future measurements, of 
culm diameter, wall thickness and cross-section area cf tissue, and 
two were left to mature for yield data. Two of the four cut-culms 
were wrapped in aluminum foil and stored in a deep freeze. The first 
and third internodes above ground level from the other culms were 
pickled in 70 percent alcohol in test tubes and stored at l4,0°F. Culm 
measurements on the frozen and pickled samples were taken on the basal 
internode approximately one-half inch above the ground level and from 
the midsection of the third above ground internode. Each unit on the 
micrometer used equaled 0.0128 centimeter or 1.02k centimeters equaled 
80 units. The cross-sectional area of tissue was obtained by subtract­
ing the cross-sectional area of the central hollow of the culm from the 
total cross-section area. 
The two culms which were left for yield were harvested -when ripe 
and the first and third internodes and the panicle were placed in 
envelopes. Measurements on the stems were taken in the same way as 
described above OIL only the basal internode of the dry culms. Brittle-
ness and- shapelessness of the upper internode made the data unreliable 
and it was discarded. The grain weight per panicle was recorded to the 
nearest hundredth of a gram. 
The second 1956 experiment was conducted to measure the heritability 
of lodging resistance as determined by the cl%. method. The crosses were 
as follows: 
Iowa cross no. Parentage 
C2E2 
C225 
Ajax x Clinton 
Clinton x Marion 
C3U2 Clintland x Huron 
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Descriptions of the varieties involved in these crosses are given in 
Table 2. 
Three hundred randomly selected Fg seeds from each cross were 
space-planted (on March 31) in rows, seventeen feet long, one foot 
apart and with eight inches between seeds. The parental varieties of 
a cross to be used in estimating environmental variance, were similarly 
space-planted at either side of the Fg rows. Border effects were elim­
inated by discarding the end plants of each row and growing guard rows 
on the ends of each range. 
The main tiller on each plant was tagged on date headed and lodging 
resistance measurements were taken on the culm approximately two weeks 
later. The cL^ . values were obtained from ten disease-free plants in 
each row giving a total of 120 Fg and 20 parent plants per cross. 
Panicles from the culms measured for lodging resistance data were 
harvested for progeny row testing in 1957» 
1957 Studies 
In 1957 the investigation of characters associated with lodging 
resistance and the heritability study were combined in one test. A 
single F^  progeny row, two feet long, was planted from each parent and 
Fg culm that was measured for lodging resistance in the 1956 heritability 
study. The rows were spaced one foot apart and the seed sown at the 
rate of one bushel per acre. Parental rows were sown alternately for 
each three rows of the F^ . 
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The cly, values were obtained for five plants from the center 
portion of each row fourteen days after heading. Two of the five culms 
were cut at ground level and stored in a deep freezer for later culm 
measurements. Two of the remaining three culms Here later harvested for 
grain yield. 
In 1957 the study of development of lodging resistance was conducted 
under normal field conditions using the variety, Cherokee. The 
experimental plot was drilled at the rate of three bushels per acre and 
the drill row spacing was seven inches. Three hundred culms from which 
the panicle had completely emerged were tagged oh June 19 and cl*^  
readings were made daily on a minimum of seven tagged culms from heading 
to maturity (June 19 to July 19). A different set of culms was used 
each day. 
Due to excessive rainfall, the 1957 plots were flooded for 30 hours 
on June 16 to 18. Only a few plots were injured as a result of the 
water, and data was not taken from these. 
Heritability values in the "broad sense" were calculated from the 
formula proposed by Lush (55): 
Statistical Methods 
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Heritability estimates in the "narrow sense" were calculated by 
the standard unit method proposed by Frey and Horner (23) • This method 
is identical to calculating the correlation coefficient between the 
mean value of a characteristic in the progeny and the value for the same 
characteristic in the parent. 
Two methods were used to calculate genotypic correlation coeffi­
cients. In Method 1, presented by Weber and Moorthy (80), the 
genotypic variances and covariance of two characters X and Y, were 
obtained by subtracting the environmental variances and covariance, 
calculated from the nonsegregating generations, from the Fj phenotypic 
variances and covariance, respectively. Genotypic correlations were 
calculated from these by the following formula: 
Cov 
Genotypic correlation = _9_ 
\/ 0x^  xdy!; 
G G 
In Method 2, discussed by Kempthorne (hS)3 genotypic correlations were 
estimated by components of variance using the following formula: 
Genotypic correlation = 1^ 
%y 
Ci2 x <Ji2 
x y 
The parental plants or nonsegregating generations are not used in 
this method but only the within and between line variances and 
covariances for X and Y. 
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EXPERIMENTAL RESULTS 
The results of this study are presented in four parts: correlation 
of plant characters with lodging resistance; development of lodging 
resistance; heritability 0f lodging resistance; and evaluation of the 
cLj, method. 
The 19^ 6 season was abnormally dry with temperatures averaging 
below normal in April and above normal during May and June (Table 2). 
In direct contrast, the 1$>$7 season had above normal precipitation and 
temperatures above normal in April and below normal in May and June. 
The total wind movement vas approximately the same for both seasons® 
No strong wind storms nor natural lodging occurred in the experiments. 
Good, uniform stands of oats were obtained in both years. 
Correlation of Plant Characters with Lodging Resistance 
The correlation coefficients between lodging resistance, as deter­
mined by the cL%. method, and culm cross sectional measurements of 
diameter, wall thickness, and area of tissue, and yield per panicle and 
height of culm are given in Tables 3, h, and 5» The total correlation 
coefficients were obtained by combining simple correlations through "z" 
transformations. " Positive relationships were obtained between the cL%. 
value and culm diameter, wall thickness, and cross section area of 
tissue in both pure line varieties and segregating populations. However, 
of the anatomical characters studied, large diameter of culm and cross 
section area of tissue were found to be most closely associated with 
high lodging resistance. The consistency of this relationship was quite 
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Table 3. Correlations of cl%. values with three culm characters in oats 
in 1956 and 1957 
Culm character3-
Wall Cross sectiai 
Diameter thickness area of tissue 
Variety Ï9jg 19^ 7 Ï956 Ï9^ 7 1935 19^ 7 
Clinton .60** •58** .33** .50** .53** .58** 
Marion 
.L9** .73** •37** •67** .1*9** .76** 
Bonham 
.37** — •2L** — .38*-* — 
Aj ax —— .38** — .20 —•* .31* 
Clintland 
— 
.61** 
— •1(.9** — .58** 
Huron 
— .53** —— •U7** —— .57** 
Total .U9** •58** .32** .I4.8** •I4.7** •58** 
C^ulrn measurements were taken one-half inch above ground level* 
•^ Exceeds the .05 level of significance. 
**Exceeds the .01 level of significance. 
good whether calculated in varieties, in segregating populations, and 
in different years. All of the correlation coefficients between cl^  
and height were negative indicating that as height of culm decreased, 
the lodging resistance increased. These correlations do not in them­
selves give the information necessary for distinguishing between high 
or low lodging resistance, e.g., the correlations and the various culm 
characters do not appear to be distinctly different in strong and weak 
varieties. 
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Table It* Correlations of cL^  values with height and. yield per panicle 
for six oat varieties in 1956 and 1957 
Variety 
Yield Height 
1956 1957 1956 1957 
Clinton •ltl{.** .52** . -.57** -.28* 
Marion ,L6** .65** -.23** -•3U* 
Bonham .U6** — -.29** —-
Ajax — .19 — -.36* 
Clintland — — -.Ii2* 
Huron — .55** — —«56** 
Total •U9** -.37** -.38** 
•^ Exceeds the .05 level of significance. 
-SBC-Exceeds the .01 level of significance» 
Yield per panicle was positively associated with lodging resistance; 
however, in segregating populations the relationship was small. This 
type of relationship indicates that vigorous plants or culms produce 
both high grain yields and high lodging resistance. 
Although the phenotypic correlations between cl^  values and 
various culm characters were significant, it does not necessarily . a 
that they have a common genetic base, and thus selection for one char­
acter may not always bring about an increase in another with which it 
is phenotypically correlated. The extent of genetic association between 
characters must be measured by genotypic correlations. If positive, 
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Table 5» Correlations of cL, values with four culm characters and yield 
in oat crosses in 1957 
Culm character3-
Cross no*D Yield Height Diameter 
Wall 
thickness 
Cross section 
area of tissue 
C2U2 .15* 
-•35** .li-5** •36** •U7** 
C225 .20** 
I • 1 .53** •32** •U7** 
C3lt2 .11 
-•34** •51** •I4.9** •52** 
Total .15** -.U2** •50** •39** •U9** 
C^ulm measurements were taken one-half inch above ground level* 
bC2li2=Clinton x Ajax, C225=Clinton x Marion, C3U2=Clintland x Huron. 
•«Exceeds the .05 level of significance. 
E^xceeds the *01 level of significance. 
one can expect simultaneous improvement in two characters through 
selection; whereas if negative, selection for one character will cause 
a reduction in the rate of improvement of the other. Genotypic corre­
lations, calculated by two methods, between cL%. values and the culm 
characters, height, diameter, and area of cross section tissue are 
given in Table 6. The two methods of calculation gave very different 
estimates of genotypic correlations. The values calculated by Method 1 
are quite unrealistic as compared to those calculated by Method 2. The 
cross, C225J had the greatest difference between parents for lodging 
resistance and also showed the highest association between dp and the 
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Table 6. Genotypic correlations of cl^ , values with culm characters and 
yield in F^  generations from three oat crosses 
The cL_ values Cross Method of calculation3-
correlated with: no.*3 1 2 
C2h2 0.00 
Yield per panicle C225 -0.23 —* 
C3L2 -2.80 —* 
C2U2 0.00 
-0.35 
Height C22f> -1.87 -0.56 
C3U2 -3.I3 -0.52* 
C2I4.2 0.00 0.25 
Diameter C22f> 0.0 9 0.65 
C3k2 0.27 0.01 
C2h2 •O.ij.8 o.ia 
Area of cross section tissue 0225 0.00 0.57 
C3li2 0.39 0.09 
%efer to materials and methods for formulae. 
C^2li2=Clinton x Ajax, C225>=Clinton x Marion, C3lt2=Clintland x Huron. 
culm characters. The cross, C3U2, where the parents were different 
plant types, showed the poorest association. Clintland is a medium 
tall, mid-season variety with medium-sized stems, and Huron is a tall, 
late variety with heavy coarse stems. In general the genotypic and 
phenotypic correlations were similar in sign, but the latter values 
among crosses were more uniform than the former. 
The correlation coefficients between culm diameter and cross 
section area of tissue measured one-half inch above ground level, and 
height in inches to the base of the panicle are given in Table 7 for 
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Table ?• Simple correlation coefficients between culm characters in 
oat crosses 
Characters correlated 
Height and culm diameter 
Height and area of tissue 
Culm Diameter and area of tissue 
C2li2 C225 C3it2 
.26*-* -.06 .09 
.2b** .01 .09 
.%** .92** .91** 
-»Exceeds the .01 level of significance. 
the generation of the three crosses. Culm diameter and area ox 
cross section tissue were closely related in all three crosses. Low 
but significant correlations were found between height and diameter, 
and height and area of cross section of tissue in the, 0242 cross, but 
no associations were apparent in the other crosses. 
To better visualize the relationship between lodging resistance 
and the other stem measurements, the partial correlations were calcu­
lated (Table 8). The partial correlation coefficients between cLr and 
height, with culm diameter and cross section area of tissue held constant 
were much higher than the simple correlations. Similarly the association 
between cl^  values and culm diameter and cross section area of tissue 
were increased when the effect of culm height was eliminated. The 
partial correlation between cLr and culm diameter was reduced when area 
of cross section tissue was held constant (or vice versa). This means 
that culm diameter and area of cross section tissue, in their 
25 
Table 8. Simple and partial correlation coefficients between cL^  values 
and three culm characters in oat crosses 
Simple correlation Partial correlation 
cLr correlated Constant Cross no. Cross no. 
with: character C2i;2 0225 C3U2 C21;2 C225 C342 
Height 
Height 
Area 
Diameter 
-•35** 
-•35** 
M
 » # 11 1 -.32** -.32** II
 
I 
i II
 
Culm diameter 
Culm diameter 
Area 
Height 
.37** 
.37** 
.58** 
•58** 
.52** 
.52** 
.12 
.52** 
.21* 
•63** 
.13 
.58** 
Area of tissue 
Area of tissue 
Diameter 
Height 
.38** 
.38** II
 
II
 
.12 
•51** 
.08 
.64** 
.14 
.58%* 
•«•Exceeds the .05 level of significance. 
**Exceeds the .01 level of significance. 
relationship with lodging resistance, are closely dependent upon each 
otheri and holding one of them constant in a breeding program would 
interfere with the improvement of lodging resistance. 
Development of Lodging Resistance 
The changes in the cLr readings of oat varieties between anthesis 
and maturity are shown in Figures 1 and 2. In 1956 (Figure 1) the 
varietal response was similar at the various stages of maturity. In 
Figure 2 the average cLr values for the three varieties in 1956 are 
compared with the response of one variety, Cherokee, in 1957. 
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Figure 1» Lodging resistance of three oat varieties taken at two or 
three day intervals between anthesis and maturity in 19 $6 
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Figure 2. Lodging resistance from anthesis to maturity of three oat 
varieties in 1956 and Cherokee oats in 1957 
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In 1956 "bhe cl^ . readings declined until approximately 17 days after 
anthesis and then increased quite rapidly until maturity; whereas in 
1957 the cl^  values, except for daily fluctuations, increased steadily 
until maturity. It appears that the longer period "between anthesis 
and maturity in 1957 (31days as compared to 21 in 1956) enabled the 
plants to differentiate the materials responsible for lodging resistance 
in pace with their morphological and physiological development. 
The effect of date of planting on changes in lodging resistance is 
shown in Figure 3-. The early planted material was weaker strawed and 
showed a more marked decline than that planted later. Although the 
late planted oats averaged about an inch less in height, this in itself 
is not enough to explain the large differences obtained. This graph 
emphasizes the need for growing varieties or strains to be evaluated 
for lodging resistance, under a uniform set of environmental conditions. 
In Table 9 pertinent mean squares are given from the analysis of 
variance of cl>r values taken at various stages of maturity on oat 
varieties planted at two dates in 1956. The F values for varieties, 
dates of planting, and varieties x dates of planting exceeded the .01 
level of significance. The varieties exhibited significant variation 
in resistance to lodging between various stages of maturity. However, 
none of the interactions with stages of maturity was large enough to 
be statistically significant; which indicates that a comparative 
evaluation of lodging resistance by the cLr method could be made at 
any stage between anthesis and maturity providing everything being 
tested was at a similar stage of development. These results are similar 
29 
0.74 
0.72 
0.70 
0.68 
0.66 
0.64 
0.62 
z \  0) 
3 0 60 
O 
> 0.58 
—I 0.56 
O 
0.54 
0.52 
0.50 
P l a n t e d  
0.48 
0.46 
0.44 
0.42 
6 7 8 2 4 5 3 
S t a g e  o f  m a t u r i t y  
Figure 3* Lodging resistance from anthesis to maturity for three oat 
varieties, Bonham, Clinton and Marion, planted at different 
dates in 19î>6 
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Table 9. Pertinent mean squares from the analysis of variance of cLp 
values taken at eight stages of maturity on three oat varieties 
and two dates of planting in 1956 
Source of variation D.F. Mean squares 
Planting dates 1 1.090** 
Error (a) 2 0.005 
Varieties 2 3.105** 
Varieties x planting dates 2 1.375** 
Error (b) 8 0.098 
Maturity stages 7 0.091* 
Maturity stages x planting dates 7 0.043 
Maturity stages x varieties Ik 0.067 
Maturity stages x varieties x planting dates lit 0.030 
Error (c) 84 0.040 
Sampling error 720 0.015 
•«•Exceeds the .05 level of significance. 
**Exceeds the .01 level of significance. 
to those obtained by Bartel (5) from a study of changes in breaking 
strength of straw of wheat varieties from heading to maturity. 
It has been shown in previous tables that lodging resistance is 
positively and significantly correlated with certain culm measurements 
taken approximately one-half inch above ground level. A more desirable 
and simpler method would be to harvest the culm approximately two inches 
below the top node and take the measurements on dried material sometime 
later. In Tables 10 and 11 are given the correlations between cLp 
values and stem characters measured at two places on the culms. The cut 
culms were preserved by freezing. 
31 
Table 10. Correlation coefficients between cLr values and other plant 
characters measured at two places on the oat culms in 1956 
Culm character and place of measurement3. 
Variety Diameter ¥all thickness Area of tissue 
lower Upper lower Upper lower Upper 
Bonham 
.34** .25* •19 .40** .32** •43** 
Clinton •62** .03 .39** .11 .58** .05 
Marion . 40** .40** .36** .41** .43** •45** 
Total • 46** •31** .31** •31** •45** •32** 
alower culm measurements taken approximately one-half inch above 
ground level and the upper culm, measurements in the midsection of the 
third internode from the ground. 
•«Exceeds the .05 level of significance. 
**Exceeds the .01 level of significance. 
In 1956 (Table 10) the upper culm measurements were taken in the 
center of the third internode above ground. This was unsuitable due 
to the excessive variability encountered within varieties in number 
and lenths of the above-ground internode s. Brady (8) found that soil 
heterogeneity caused considerable variation in length of internode, ami 
Hamilton (31) found that the number of nodes per plant varied consider­
ably within a variety. In 1957 the upper culm measurements were taken 
one-half inch below the node bearing the panicle, and the correlations 
obtained were nearly identical to those obtained from basal culm 
measurements • 
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Table 11. Correlation coefficients between cl^ . values and other plant 
characters measured at two places on the oat culms in 1957 
Variety Culm character and nlace of measurement3-
or Diameter Wall thickness Area of tissue 
Cross Lower Upper Lower Upper Lower Upper 
Ajax .38** .31* .20 .23 .31* • 29 
Clintland •6l** •56** •L9** .53** .58** •58** 
Clinton .58** *61** • 50** ,38** .58** .50** 
Huron 
.53** •56** •li7** .29** .57** •I4.7** 
Marion 
.73** •69** .67** .57** .76** •66** 
Total .58** •56** .I4.8** •bo** .58** . 51^ -* 
C2U2 .U5** .là** .36** •U2** .li7** •ii5** 
C225 .53** •55** •32** •33** •1;7** •Ij.2** 
C3U2 .51** .50** .1).9** •I4.2** •52** •U7** 
Total .50** .50** •39** •39** •1-9** •li5** 
aLower culm measurements taken approximately one-half inch above 
ground level and upper measurements one-half inch below the top node 
(node bearing the panicle)• 
«•Exceeds the .05 level of significance. 
-«(-Exceeds the .01 level of significance. 
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The correlation coefficients between cl^  values and culm measure­
ments taken at the basal internode from material preserved in different 
ways are given in Table 12. Upper culm measurements from the dry culms 
were not reliable and those from the basal region of the dried culms were 
less closely associated with lodging resistance than measurements taken 
on green culms. The correlations between characters were highest for the 
pickled material indicating that this method was somewhat superior* 
However, it was also the most cumbersome method, and thus its disadvan­
tages outweighed its advantages. Perhaps the freezing method of 
preservation would be the best compromise. 
Table 12. Correlation coefficients between cl%. values and basal 
measurements on culms preserved in different ways in 1956 
Culm character and method of handling 
Variety Diameter Wall thickness Area of tissue 
Pickled Frozen Dry Pickled Frozen Diy Pickled Frozen Dry 
Bonham .U6** .3U** .29*-* •1*2** •19 .12 •56** •32** .21 
Clinton •59** .62** .59*-* •Uo** •39** .21 .56** •58** •U5** 
Harion 
.55** .Uo** •51** •Ii0** .36** •36** •55** •13** •li9** 
Total •53** .U6** •U7** • Ijl** .32** •23** •56** •U5** •39** 
•«•Exceeds .05 level of significance. 
•**Exceeds .01 level of significance. 
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Heritability of Lodging Resistance 
Progress from selection depends upon the extent to which the 
observed differences between the individual strains are genetic. The 
proportion of genetic to the total or phenotypic variation has been 
described by Lush (56) as heritability in the "broad sense", and the 
ratio of fixable genetic variability to the total variation as herit­
ability in the "narrow sense". The mean cL%. values for the parents and 
progeny of three oat crosses for two generations are given in Table 13. 
The mean of the progeny was nearly identical with the midpoint between 
the means of the parents for all three crosses in the F^  generation and, 
except for the Clintland x Huron cross, in the Fg generation also. 
Table 13. Mean cl^ . values for parents and progeny of three oat crosses 
for two generations 
Generation 
Parents and F? Fj 
Pr0geiÇ
-
r N ~ x 1 
Clinton 21 1.3U 17 0.76 
C2U2 137 1.21 126 0.63 
Ajax 28 1.0U 25 0.U9 
Clinton 22 1.31 13 0.80 
C225 130 1.08 119 0.62 
Marion 21 0.93 20 0.1*7 
Clintland 23 1.1*7 18 0.70 
C3U2 13k 1.30 118 0.60 
Huron 26 1.30 21 0.50 
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Negative transgressive segregation was present in all three crosses in 
the Fj generation and for two crosses in the Fg generation. Positive 
transgressive segregation was present only in the cross Clintland x 
Huron in the F^  generation but in all three crosses in the Fg. 
The heritability percentages calculated in both the Fg and F^  
generation in the broad sense and for the Fg-F^  generation in the narrow 
sense are given in Table li;» The "narrow sense" heritability estimates 
ranged from 9 to 22 percent. The cross between the varieties having the 
most and least lodging resistance ( Clinton x Marion) gave the highest 
estimate of heritability. In general, the heritability estimates for 
lodging resistance were low, and thus, the rate of genetic improvement 
from phenotypic selection for lodging resistance would likely be slow. 
Table lU. Heritability percentages in the broad and narrow sense for 
lodging resistance in oats 
Method of calculation 
Broad Narrow*1 
Cross no. F2 f3 F2 - F3 
C2U2 12 
-3 9 
C225 52 h 22 
C3U2 0 16 12 
Standard unit method. 
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Evaluation of the cl^  Method 
The cLp method for evaluation of lodging resistance is compared in 
Tables 15 and 16 with the historical lodging resistance and other culm 
characters for several oat varieties in 1956 and 1957* The varieties 
Clinton and Clintland, known to have a high degree of lodging resistance, 
had the highest mean cL^  values; and the varieties Ajaz, Huron and 
Marion, known to be weak in lodging resistance, had the lowest cl^ . 
values. At almost (Figure 3) any stage of development between anthesis 
and maturity, the cLr method of evaluation described the lodging resist­
ance of the three varieties in line with their known natural lodging 
records. 
Table 15» Mean cly value and culm measurements in relation to the known 
lodging resistance of three oat varieties in 1956 
Culm measurements3. 
Variety 
Lodging 
resistance*3 
cl* 
value Height Diameter 
Wall 
thickness 
Cross section 
area of tissue 
Bonham M .51 27.1 29.7 7.0 5oi 
Clinton S .61 28.2 32.0 7.3 571 
Marion ¥ .U7 29.7 32.3 6,h 525 
3-Cross sectional measurements obtained frcra basal portion of culms 
harvested immediately after taking the cL%. reading. 
M^=medium, 5-strong, W=weak as given in Table 2. 
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Table 16. Mean cL^ . value and culm measurements in relation to the known 
lodging resistance of five oat varieties in 1957 
Culm measurements >a 
Variety 
lodging 
resistance" 
cLj. 
vaxue Height Diameter 
Wall 
thickness 
Cross section 
area of tissue 
Ajax ¥ .1*8 31*. 8 33.1* 7.2 598 
Clintland S .67 32.1* 35.9 7.3 661* 
Clinton S .76 30.3 35.8 7.5 666 
Huron ¥ .1*7 35.7 38.2 7.2 703 
Marion ' W .1*7 33.6 33.5 6.9 583 
aCross sectional measurements obtained from basal portion of culms 
harvested immediately after taking the el* reading. 
kw=weak, S=strong as given in Table 2. 
The data showed that in both varieties and segregating populations, 
a significant relationship existed between lodging resistance and the 
culm characters height, diameter, wall thickness and cross section area 
of tissue. The varieties differ in these characters. However, the 
differences are not in the order of lodging resistance. The varieties 
which had the most resistance to lodging were not necessarily the short­
est nor did they always possess the widest culm diameter cr cross section 
area of tissue. For example, in Table 15, Clinton, which had the most 
lodging resistance, was not the shortest variety nor did it have the 
greatest culm diameter. Bonham, which was intermediate in lodging 
resistance between Clinton and Marion, had the smallest culm diameter 
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and cross section area of tissue» Similar results are shorn in Table 
16, where Clinton, the variety "with superior lodging resistance, had 
considerably less cross section area of tissue and a smaller culm 
diameter than Huron, a variety poor in lodging resistance. 
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Discussion 
Lodging resistance is undoubtedly a complex character. The plant 
characters studied herein would logically seem to be associated with 
lodging resistance. Certain of them had been found associated with 
lodging resistance by previous investigators, but cross section area of 
tissue has not been studied to date. 
Finding a suitable method to evaluate lodging resistance was the 
first problem. Visual estimates for lodging resistance of plants 
appeared unreliable, the "snap'- test, based on the springiness of culms, 
was not satisfactory for use on single plants, and disagreement existed 
about the value of other proposed methods. After due consideration, 
the cL%. method (27) was selected* 
The culm diameter and cross section area of tissue were highly 
associated with lodging resistance, whereas culm wall thickness and 
height were also significantly related to lodging resistance but to a 
somewhat lesser degree* Hamilton (31) and Brady (8) found similar 
relationships* 
Yield of grain per panicle was positively and significantly assoc­
iated with lodging resistance indicating that the vigorous culms produced 
both high yields and high lodging resistance* In the segregating 
populations this correlation was significant, but too low (r = .15) to 
be of any practical value or detriment. Leasure et al* (52) obtained 
similar low correlations (r = 0.20 and r = 0.09) between breaking 
strength of straw and yield among and within barley strains; and Torrie 
Uo 
(76) from estimates based on an index calculated by the formula: 
percent plants lodged x average angle off vertical 
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found that grain yield was not significantly correlated with straw 
strength in the Fg and F^  generations of three spring wheat crosses. 
The genotypic correlations indicate that the environmental variance 
based on the non-segregating generations (Method l) was considerably 
different than that based on segregating populations (Method 2). Method 
1 gave values which were unrealistic and irregular while with Method 2 
the corresponding phenotypic and genotypic correlations had the same 
signs. The positive genotypic correlations between cLr values and culm 
diameters and areas of cross section tissue indicated common genetic 
effects for these characters and lodging resistance, and thus improve­
ment in one character through selection should obtain simultaneous 
improvement in the other. All of the genotypic and phenotypic corre­
lation coefficients between height and cl* values were negative showing 
that as the culm height was decreased lodging resistance increased. 
This does not necessarily mean, however, that short varieties or strains 
will always be better in lodging resistance. Data in this study showed 
that a short variety may be poorer in lodging resistance, e.g., Bonham 
was about an inch shorter and considerably weaker than Clinton. 
Large culm diameter, thick wall thickness or large cross section 
area of tissue, although associated with lodging resistance, did not 
always account for lodging resistance differences among varieties. 
Some other culm characters must also be important. Clinton, the most 
lodging resistant variety, had neither the widest culm diameter, most 
cross section area of tissue, nor the shortest culm height of the 
varieties tested. Clark and Wilson (11) likewise found that Durum 
wheat varieties had the greatest culm diameters but the least lodging 
resistance, Hamilton (32) felt that lodging resistant and susceptible 
varieties could be separated by classifying them for culm diameter, and 
Yettstein (81t.) reported that total cross section area of the culm was 
associated with resistance to bending. A close association was found 
between culm diameter and cross section area of tissue, but no relation­
ship was apparent between culm height and diameter or cross section area 
of tissue. 
The partial correlations were higher between lodging resistance 
and height than the simple ones when culm diameter or cross section area 
of tissue were held constant. Similarly, the association between cl* 
values and culm diameter or cross section area of tissue were increased 
when the effect of culm height was eliminated. Height, being a somewhat 
easier character to modify genetically than diameter or cross section 
area of tissue, it would seem logical to increase lodging resistance by 
reducing height while holding the culm diameter constant. In such a 
program where mutation breeding was used, one should start with a strain 
which possessed good lodging resistance but was also tall. 
The el* readings taken at intervals from anthesis to maturity indi­
cated that oat varieties responded similarly at any given stage. That 
is, the stage of maturity at which the lodging resistant variety exhibited 
the highest cL^  readings, was the same stage of maturity at which the 
susceptible and intermediate varieties reached their peaks in lodging 
resistance. Although the statistical analysis of the data indicated 
h2 
that the oat plants were significantly stronger at certain periods 
following anthesis than at others, none of the interactions involving 
stages of maturity were significant. This means that an oat breeder 
can evaluate lodging resistance comparatively at any time during this 
period providing the materials are at similar stages of development. 
Bartel (5) had previously reported a similar conclusion for breaking 
strength of straw of wheat varieties between heading and maturity. He 
showed that maximum breaking strength was reached at maturity in weak 
and intermediate varieties, which confirms the 1957 results reported 
herein. He attributed a decrease in breaking strength in the strong 
strawed variety at maturity to high late season temperatures. The 
growing conditions during the early period of lower internode elongation 
predominated in determining lodging of the small grain crop according 
to Mulder (59)• 
Standard unit heritability percentages for lodging resistance 
between the Fg and F^  generations ranged from 9 to 22 percent. Corre­
lation coefficients obtained by Smith (73) for the same generations 
were +0.10 for breaking strength of straw and +0.09 for cuZLm diameter. 
Atkins (2) reported a correlation of +0.3U for breaking strength of 
wheat straw, but for weight per unit length of culm, culm diameter, 
plant height, and head length the correlations were +0.61, +0.58, +0.59, 
and +0.83 respectively. He concluded that selection for any of these 
latter four characters could be made with considerable success in the 
Fg generation. Transgressive segregation was present in all three 
crosses indicating differences in genes responsible for lodging resist­
ance; thus, it should be possible to obtain selections with a higher 
h3 
lodging resistance than the parental strains* The low heritability 
percentages in early generations infer that the lodging resistance is 
strongly influenced by environmental variations. Therefore, progeny 
testing under properly controlled conditions would be desirable to 
increase the accuracy of selection* 
The el* method was satisfactory in evaluating the lodging resist­
ance of the oat varieties when related to their known lodging resistance 
based on past experience* Murphy et al* (60) and Grafius and Brown (27) 
reported high correlations between cl* values and natural lodging 
percentages* However, the cl* method has•certain limitations. Compar­
isons must be made at similar stages of maturity and between similar 
type plants. The use of similar plant types is stressed because of 
poor results obtained in this study from Cross No* C3k2 which involved 
varieties of different plant types, and also the writer's experience 
with another cross (Mo* 0-205 x Garry) which was not included in this 
study. The culms of Mo. 0-205 were thin and elastic and in many cases 
the panicles touched the ground when a chain was hung on them. Such 
culms supported fewer links and were rated low by the ci* method; 
however they lodge less seriously under natural conditions than plants 
of a variety with stiff culms capable of supporting more links and yet 
lacking in ability to resume an upright position following strong winds 
and rains. The cl* method was not as rapid as the "snap" test, and 
neither was it as highly correlated with natural lodging (60). In 
addition the "snap" test measures not only the resistance of culms to 
bending but also their elasticity* Although in several ways unsatis­
factory, the el* method of evaluating lodging resistance is probably 
the best method yet devised where tests on individual plants must be made. 
It seems from the results of this study and from prior literature 
that the answer to why one variety or strain is superior to another in 
lodging resistance will have to come from studies of the physiology, 
morphology, and biochemical processes within the culm walls and within 
and between the cell walls. The question is apparently too complex to 
be answered by the application of physical measurements to various plant 
parts such as the culm, vascular bundles, and various cells. 
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SUMMÂRÏ 
Seven oat varieties and three crosses were evaluated at Ames, Iowa 
in 1956 and 1957 for the association between lodging resistance (cl* 
method) and culm diameter, culm wall thickness, area of cross section 
tissue, height, and yield. In addition standard unit heritability 
percentages were calculated for lodging resistance, and the changes in 
cLr values between anthesis and maturity were studied in four varieties. 
In general the conclusions were: 
1. Of the three culm cross sectional measurements, large culm 
diameter and large area of tissue were the most closely associated with 
high lodging resistance. 
2. Due to a significant negative association between culm height 
and lodging resistance, selecting for shorter oat strains should produce 
greater lodging resistance. 
3» Lodging resistance in oats is a complex character which can not 
be explained completely on the basis of culm cross sectional measurements 
or height; but must include other characteristics as well. Differences 
between varieties do not necessarily conform to established associations. 
U. The correlation between yield per panicle and lodging resist­
ance was so low (r = +0.15) that it should be of little importance in a 
plant breeding program. 
5» Genotypic correlations in the F^  generation showed a sizeable 
common genetic association between lodging resistance and culm diameter 
and cross section area of tissue. 
6. The most consistent correlations between cl* readings and culm 
k6 
measurements were obtained when the measurements were taken one-half 
inch above ground level. Preserving collected culms in alcohol gave 
somewhat more consistent results than freezing them, but the latter 
method was more economical. Drying was completely unsatisfactory. 
7. Changes in cl^ , values from anthesis to maturity were uniform 
across varieties indicating that the lodging resistance could be compared 
at any time during this period providing the plant types and stages of 
maturity were similar. 
8. It should be possible to select segregates with greater lodging 
resistance than the parents entering an oat cross, since transgressive 
segregation was present in all three crosses. 
9. Standard unit heritability percentages ranged from 9 to 22 
percent shewing that lodging resistance was strongly influenced by 
environmental variations. 
10. Possible methods for Improving lodging resistance were sug­
gested. One method would be to cross the most lodging resistant varieties 
and select for strains that transgress the parents in a positive direc­
tion. An alternative method would use mutation breeding to decrease the 
height of a tall strong variety while holding diameter constant. 
kl 
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